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Mars Robotic Exploration
A rich history of scientific discovery and operations experience
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Trajectory Scenarios
Different phases of a Mars mission
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Kalman Filtering
Batch Linear (LKF)
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Kalman Filtering
Batch Extended (EKF)
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Kalman Filtering
Batch Unscented (UKF)
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Example Trends
Sometimes exhibited, sometimes not…

2017-09-27 © 2017 – California Institute of Technology. Government sponsorship acknowledged.

’Jitter’

CAUTION:  Trends for 
illustrative purposes, not 
representative of all cases



jpl.nasa.gov

Comparison of EKF and UKF for Robotic Missions to Mars

Approach Results: E-45 days
100-km, 1-m/s errors, Doppler pass every 3 days
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Approach Results: E-5 days
6-hr Doppler passes every 2 days
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Orbit Results: High Alt.
1-km, 10-cm/s errors
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Orbit Results: Low Alt.
2-hour Doppler passes
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Conclusions
Observations & Recommendations
• Batch Linear KF

• “Small” errors, “short” time spans
• Very powerful with operator experience

• Batch Extended KF
• Improves on LKF (usually)
• Be careful with measurement subsets

• Batch Unscented KF
• Generally more robust (errors, sparse measurements, nonlinearities)
• No need for partial derivatives
• Improved covariance assessments
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